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A wide range of fatty acid esters can be synthesized by esterification and
transesterification reactions catalyzed by lipases in non-aqueous systems. In the pres-
ent study, immobilization of a purified alkaline extra-cellular lipase of Bacillus cereus
MTCC 8372 by adsorption on diatomaceous earth (celite) for synthesis of ethyl ace-
tate via transesterification route was investigated. B. cereus lipase was deposited on
celite (77% protein binding efficiency) by direct binding from aqueous solution. Im-
mobilized lipase was used to synthesis of ethyl acetate from vinyl acetate and ethanol
in n-nonane. Various reaction conditions, such as biocatalyst concentration, substrates
concentration, choices of solvents (n-alkanes), incubation time, temperature, molecu-
lar sieves (3Å × 1.5 mm), and water activity(aw), were optimized. The immobilized
lipase (25 mg/ml) was used to perform transesterification in n-alkane(s) that resulted
in approximately 73.7 mM of ethyl acetate at 55 °C in n-nonane under shaking (160
rpm) after 15 h, when vinyl acetate and ethanol were used in a equimolar ratio (100
mM each). Addition of molecular sieves (3Å × 1.5 mm) as well as effect of water ac-
tivity of saturated salt solutions (KI, KCl and KNO3) to the transesterification effi-
ciency has inhibitory effect. Batch operational stability tests indicated that immobi-
lized lipase had retained 50% of its original catalytic activity after four consecutive
batches of 15 h each.
Keywords: Bacillus cereus MTCC 8372, lipase, celite, immobilization, trans-
esterification and ethyl acetate synthesis
1217-8950/$20.00 © 2009 Akadémiai Kiadó, Budapest
Acta Microbiologica et Immunologica Hungarica, 56 (3), pp. 229–242 (2009)
DOI: 10.1556/AMicr.56.2009.3.3
* Corresponding author; Telefax: +91 / 177 / 2831948; Email: kanwarss2000@yahoo.com
Introduction
Biotransformation with enzymes, in both aqueous and non-aqueous envi-
ronment, has been actively studied as a way to produce natural substances relevant
to various industrial scopes such as cosmetics, fine chemicals, pharmaceuticals
and food ingredients [1]. Lipase (glycerol ester hydrolases EC 3.1.1.3) catalyzed
transesterification, hydrolysis and esterification are the important classes of reac-
tions for food technology applications in fats and oil industry, dairy industry,
pharmaceuticals and bakery industry [2]. Novel biotechnological applications,
like biopolymer synthesis, biodiesel production, treatment of fat-containing waste
effluents, enantiopure synthesis of pharmaceuticals and nutraceutical agents, have
been established successfully [3, 4]. Fatty acid esters are important aroma com-
pounds used as flavor enhancers in the food industry and fragrances in the cos-
metic industry [5].
The lipase catalysed transesterification in organic solvents is an emerging
industrial application exploited in the production of cocoa butter equivalent, hu-
man milk fat substitute “Betapol”, pharmaceutically important polyunsaturated
fatty acids rich/low calorie lipids, designers fats or lipids and production of
biodiesel from vegetable oils [2]. The conversion in transesterification using other
esters as a substrate is also generally high compared to that in the condensation re-
action. The problem of water encountered in direct esterification is eliminated in
transesterification reactions [6–8].
Immobilization of enzymes plays an important role in biotechnology indus-
try. The main reason for immobilizing enzymes is the inherent advantage to iso-
late the biocatalyst from the reaction product and reuse it in order to increase pro-
cess productivity. Immobilization by adsorption using inorganic matrices such as
celite has been most widely used for immobilization of various enzymes [9–10].
Diatomaceous earth (celite) is a naturally occurring, soft, chalklike sedimentary
rock that is easily crumbled into a fine white to off-white powder. This powder has
an abrasive feel, similar to pumice powder, and is very light, due to its high poros-
ity. The use of a porous support material is desirable/recommended for the immo-
bilization of lipase so that suitable amounts of lipase can be spread on a surface
area without conformational changes [11].
Ethyl acetate has a fruity smell. It is present in confectionery, perfumes, and
fruits. In perfumes, it evaporates quickly, leaving but the scent of the perfume on
the skin. Ethyl acetate is primarily used as a solvent. Industrially it is used to de-
caffeinate coffee beans and tealeaves.
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In this present work, the synthesis of a short chain fragrance ester (Scheme
1) through transesterification reaction using celite immobilized Bacillus cereus
MTCC 8372 lipase in organic media viz. n-alkanes is reported.
Materials and Methods
Chemicals and reagents
NaNO3, K2HPO4, MgSO4.7H2O, FeSO4.7H2O, (NH4)2SO4, Celite 545 (S.d.
Fine-Chem, Mumbai); yeast extract, gum acacia (HIMEDIA Laboratory,
Mumbai); p-nitrophenyl palmitate (p-NPP), alkanes (n-pentane, n-hexane, n-hep-
tane, n-nonane, n-hexadecane and n-heptadecane) and vinyl acetate were from
Lancaster Synthesis, England; Triton X-100 (Qualigens Fine Chemicals, India)
was obtained from Acros Organics (New Jersey, USA); sucrose, KCl, KI, KNO3,
isopropanol and molecular sieve (3 Å × 1.5 mm) were procured from E. Merck
Pvt. Ltd., Mumbai, India. Ethanol was from Bengal chemicals and Pharma-
ceuticals Ltd. Kolkata. Ethyl acetate was from Rankem (Ranbaxy, Fine Chemicals
Limited, New Delhi). All chemicals were of analytical grade and were used as re-
ceived.
Microorganism: Bacillus cereus
MTCC 8372 was originally isolated from a soil sample by selective enrich-
ment technique at 55 ºC. The culture was maintained by repeated sub-culturing on
a mineral based (MB) medium supplemented with 1% (v/v) cottonseed oil (as a
sole C-source). The MB broth contained (g/L): NaNO3 3; K2HPO4 0.1;
MgSO4.7H2O 0.5; KCl 0.5, FeSO4.7H2O 0.01 and yeast extract 4.0, pH 7.5 ± 0.1.
The medium was autoclaved at 1.1 bar overpressure for 18 min at 121 ºC. The bac-
terium produced extra-cellular lipase maximally at 48 h post-inoculation in broth
at 55 ºC under shaking (160 rpm).
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Production of lipase by B. cereus
Seed culture of B. cereus was prepared by inoculating 50 ml of broth with a
loop full of culture. The culture was allowed to grow for 36 h at 55 ºC under con-
tinuous shaking at 160 rpm. Thereafter, 10% (v/v) of 36 h old seed culture was
used to inoculate 1000 ml of the production medium (50 ml each in 250 ml capac-
ity Erlenmeyer flasks). The seeded production medium was incubated at 55 ºC and
160 rpm for 48 h (Orbitek shaking incubator, AID Electronics, Chennai, India).
Lipase purification
The culture broth was centrifuged 48 h post inoculation at 10,000 × g for 10
min at 4 ºC (SIGMA 3K30, Germany). The cell-pellet was discarded and the
supernatant was filtered through Whattman No. 1. Henceforth, this filtrate broth is
referred as crude lipase. The required amount of ammonium sulfate was added to
the crude lipase to achieve 80% (w/v) saturation. The contents were mixed thor-
oughly and kept over night at 4 °C. The precipitates sedimented by centrifugation
at 12,000 × g at 4 ºC for 30 min were reconstituted in minimum amount of Tris
buffer (0.05M, pH 8.5) and were extensively dialyzed against the same buffer. The
purification of the dialyzed lipase enzyme was performed on an Octyl-Sepharose
column (Amersham Pharmacia, Sweden) [12]. The fractions were analyzed for
protein and lipase activity by standard methods [13, 14]. The active fractions
showing lipase activity were pooled and stored at –20 ºC. The specific activity of
the purified enzyme was compared with the crude enzyme and fold purification
was calculated.
Lipase Assay
The enzyme was assayed by a colorimetric method using p-NPP [14]. One
unit (IU) of lipase activity was defined as One unit (IU) corresponds to the amount
of lipase which liberates 1 µmol pnitrophenol per minute by hydrolysis of p-NPP
at 55 ºC under assay conditions.
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Immobilization of purified bacterial lipase on celite
The purified lipase from B. cereus was immobilized on celite. The matrix
was first washed with distilled water (thrice) followed by Tris buffer (0.05M, pH
8.5) before immobilization. Approximately, 4 ml (~ 0.76 IU) of the purified en-
zyme was then added to celite (1 g) and the suspension was incubated for 1 h at
37 °C in a glass vial. The unbound lipase was removed by five washings with Tris
buffer (0.05 M, pH 8.5). Finally, immobilized matrices were kept suspended in
Tris buffer at 4 °C till one month.
In each of the assays, 20 mg immobilized enzyme preparation (matrix) was
used. The volume of the supernatant, unbound protein and lipase activity were es-
timated using standard methods. The bound protein in matrix was determined by
subtracting unbound protein in the supernatant from the total protein used for im-
mobilization.
Transesterification studies for ethyl acetate synthesis using
celite immobilized lipase
A reference profile was prepared using varying concentrations of ethyl ace-
tate (20–100 mmol/ L) in n-nonane (retention time 1.31 min). Analysis of ethyl ac-
etate synthesis was done by Gas liquid chromatography (GLC). The sample size
for the GLC analysis was 2 µl. The sample was analyzed with GLC using a packed
column (10% SE-30 Chrom WHP, 2 meter length, mesh size 80-100, internal di-
ameter 1/8 inches, Netel Chromatograph, Thane, India). Nitrogen was used as a
carrier gas (30 cm3/min). GLC was programmed for oven temperature 70 ºC, in-
jector temperature 90 ºC and FID temperature 100 ºC, respectively.
Optimization of reaction conditions for ethyl acetate synthesis
The effect of incubation time on synthesis of ethyl acetate was studied by
incubating the reaction mixture comprised celite-immobilized lipase, vinyl ace-
tate (100 mM) and ethanol (100 mM) in n-nonane at 55 ºC in a water bath incuba-
tor shaker for 24 h. At 3 h intervals, the solvent phase (2 µl) was sampled and ana-
lyzed by GLC.
The effect of biocatalyst concentration (25–100 mg/reaction volume) on
ester synthesis was studied. The effect of relative reactants’ concentrations on
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ethyl acetate synthesis was studied by keeping the concentration of one of the re-
actants (vinyl acetate or ethanol) at 100 mM and varying the concentration of
other reactant (25–100 mM) in the reaction mixture in n-nonane. The effect of re-
action temperature (45, 50, 55, 60 and 65 ºC) on the synthesis of ethyl acetate was
studied. The effect of reaction medium (n-alkanes) on synthesis of ethyl acetate
was studied by replacing the initially employed solvent phase n-nonane with n-al-
kanes of varying C-chain length. The effect of molecular sieves (3Å × 1.5 mm) on
ethyl acetate synthesis was studied at the concentration from 25 to 500 mg per re-
action volume and synthesis of ethyl acetate in the reaction mixture was deter-
mined. The immobilized lipase was repeatedly used for the synthesis of ethyl ace-
tate in n-nonane in a batch reaction up to 5 cycles of 15 h each at 55 ºC. Influence
of initial water activity (aw) was studied by preincubating celite-bound lipase and
substrate separately in containers containing different saturated salt solution of KI,
KCl and KNO3 (5 ml). Preincubation process was carried out overnight at 40 ºC.
The reaction mixture comprised celite-immobilized lipase, vinyl acetate (100
mM) and ethanol (100 mM) in n-nonane without molecular sieve under optimized
reaction conditions.
Statistical analysis
Standard errors of means were calculated from data obtained for three repli-
cates for each of the parameters studied.
Results
Purification of B. cereus MTCC 8372 lipase
The cell free broth (760 ml) had a lipase activity of 0.14 IU ml–1 (protein 2.5
mg ml–1 and specific activity 0.056 IU mg–1). The protein was optimally precipi-
tated at 80% (w/v) ammonium sulphate saturation. The precipitates reconstituted
in 30 ml Tris buffer (0.05M, pH 8.5) were extensively dialysed against the same
buffer. The dialysed enzyme showed an activity of 0.45 IU ml–1 (protein 1.6 mg
ml–1 and specific activity 0.28 IU mg–1). The chromatography of the dialysed
lipase on Octyl-Sepharose column resulted in a single peak. The active fractions
showing lipase activity under the peak were pooled (total volume 10 ml, lipase ac-
tivity 0.76 IU ml–1, protein 0.52 mg ml–1 and specific activity 1.46 IU mg–1). The
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Octyl-Sepharose column purified lipase showed 26-fold purification with a yield
of 7.14 %.
Protein binding efficiency of the celite matrix
The purified lipase of B. cereus MTCC 8372 was optimally bound to celite
that retained 77% (0.908 mg) of the total protein (1.18 mg) used for immobiliza-
tion.
Transesterification studies for ethyl acetate synthesis using celite immobilized
lipase
· Effect of incubation time: The effect of incubation time on synthesis of ethyl
acetate using celite immobilized lipase was studied at a temperature of 55 ºC in
n-nonane under continuous shaking (Figure 1) up to 24 h. The synthesis of ester
was time dependent and maximum amount of ethyl acetate (73.7 mM) was pro-
duced after 15 h of reaction in n-nonane when vinyl aceate and ethanol were
used at 100 mM each.
· Effect of biocatalyst concentration: To establish the optimal amount of immo-
bilized lipase used during the transesterification reaction, different quantities
of bound-lipase were used and the progress of the ester synthesis was moni-
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Figure 1. Effect of incubation time on ethyl acetate synthesis using celite-bound lipase.
tored by GLC. Maximum esterification (73.86 mM) was achieved when 25 mg
of celite-bound lipase was used (Figure 2). However, further increase in the
amount of bound lipase failed to further enhance the rate of transesterification.
Subsequent experiments were thereafter carried out using 25 mg of immobi-
lized B. cereus MTCC 8372 lipase.
· Effect of relative concentration of reactants: The effects of ester/ alcohol molar
ratio were investigated using immobilized lipase in n-nonane. At a fixed con-
centration of ethanol (100 mM), an increase in the concentration of vinyl ace-
tate (25–100 mM) at 55 ºC promoted the synthesis of ester (23.8 to 73.50 mM).
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Figure 2. Effect of biocatalyst concentration on transesterification reaction
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Figure 3. Effect of relative concentrations of reactants on synthesis of ethyl acetate
However, when the concentration of vinyl acetate was kept fixed (100 mM),
there was a marked increased in ester synthesis (22.0 to 73.5 mM). Use of
equimolar concentrations of both reactants had maximal effect on the ester syn-
thesis. It appeared that the ester was optimally synthesized when ester and alco-
hol were used at 100mM and 100 mM respectively in n-nonane under continu-
ous shaking for 15 h at 55 ºC (Figure 3.). Thus in the subsequent reactions, vi-
nyl acetate and ethanol were used in equimolar ratio (100 mM each).
· Effect of reaction temperature: The reaction temperature above or below 55 ºC
decreased the ester proºuction (Figure 4). This might be on account of denatur-
ation of the lipase as well as alteration in the 3-D structure of lipase. Thus 73.75
mM of ethyl acetate synthesis was achieved at 55 ºC in 15 h in a batch reaction.
· Effect of solvents (n-alkanes): The effects of various solvents (n-alkanes) on
the synthesis of ethyl acetate by celite-bound lipase were assessed. Ethyl ace-
tate synthesis was significantly improved in the presence of n-nonane. The
maximum conversion of reactants into ester was recorded in n-nonane (75.40
mM) at 55 ºC. There was an increase in ester synthesis from n-pentane (44.19
mM) to n-nonane (75.40 mM) followed by a decrease in ester synthesis from
n-hexadecane (62.46 mM) to n-heptadecane (65.36 mM). Among various n-al-
kanes, n-nonane was considered best for ester synthesis in a water free system
(Figure 5).
· Effect of molecular sieves: When the effect of presence of molecular sieves
were studied by adding molecular sieves at concentrations of 25 to 500 mg per
reaction volume (2.0 ml), a gradual decrease in the synthesis of ethyl acetate
was noticed. Transesterification of vinyl acetate and ethanol by celite-immobi-
lized B. cereus lipase markedly decreased in the present study.
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Figure 4. Effect of reaction temperature on synthesis of ethyl acetate by transesterification reaction
· Repeated batch reactions: The celite-bound lipase when repetitively used to
perform transesterification under optimized conditions in n-nonane resulted in
38.6 mM ethyl acetate after 4th cycle of transesterification (Figure 6).
· Effect of initial water activity: The effect of water activity (aw) was studied on
transesterification rate using saturated salt solutions of KI (aw = 0.689), KCl (aw
= 0.869) and KNO3 (aw = 0.960). The effect was inhibitory in the ethyl acetate
synthesis. Ethyl acetate synthesis was decreased markedly when the water ac-
tivity of the saturated salt solution increased (from 0.689 to 0.960).
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Figure 5. Effect of various n-alkanes on transesterification using celite-immobilized lipase
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Figure 6. Repetitive batch transesterification reaction for the synthesis of ethyl acetate using
celite-bound lipase
Discussion
The application of lipases as biocatalysts to produce these high value added
fatty acid esters in organic media offered significant advantages that included the
use of any hydrophobic substrate, higher selectivity, milder processing conditions
and the ease of product isolation and enzyme reuse [15]. In the present study,
celite-bound immobilized alkaline lipase of a thermophilic B. cereus MTCC 8372
was used to catalyze transesterification of vinyl acetate and ethanol into ethyl ace-
tate in a period of 15 h at 55 ºC. The synthesis of the ester was time dependant and
a maximum amount of ethyl acetate (73.7 mM) was produced after 15 h of reac-
tion when vinyl acetate and ethanol were used at 100 mM ratio in n-nonane. Ester
synthesis was decreased after the optimal incubation time. This might be possible
due to the feedback inhibition of the product at above its critical concentration for
the lipase of B. cereus MTCC 8372. Enzyme concentration is known to influence
the transesterification behavior. To establish the optimal amount of immobilized
lipase, different quantities of bound-lipase were used to study the kinetics of the
ester synthesis. An increase in the quantity of biocatalyst concentration resulted in
a decrease in the apparent enzyme activity in the production of ethyl acetate to an
increase in diffusion limitation, a problem that may be minimized in large-scale
experiments by optimal biocatalyst and bioreactor design.
The transesterification of vinyl acetate and ethanol by immobilized lipase
from B. cereus was further enhanced when molar concentration of the hydropho-
bic reactant i.e. vinyl acetate was increased from 25:100 to 100:100 (vinyl ace-
tate:ethanol) in the reaction mixture. Recently, it was reported that optimal synthe-
sis of butyl acetate by lipase immobilized on nylon-6 was achieved when ester and
alcohol were used in an equimolar ratio (100 mM/ L) in the reaction mixture [16].
The reaction temperature above or below 55 ºC decreased the ester produc-
tion. An increase in temperature of reaction mixture might interfere with the po-
rosity, hydrophobic character and diffusion of the reactants and/or products at the
catalytic site of enzyme or hydrogel. Immobilization on a synthetic hydrogel en-
hanced the thermal stability of the P. aeruginosa lipase [17]. It appeared that tem-
perature has an important effect on the physical state of substrate dispersion in an
organic solvent. Higher temperature and liquefaction can be assumed to make the
substrate more acceptable for the enzyme [18]. It was likely that the structure of
lipase immobilized on to celite matrix had become more fluid at an elevated tem-
perature.
When n-alkane with a shorter C-chain length than n-nonane was used as a
solvent, a gradual decrease in rate of ethyl acetate synthesis was noticed. It was ob-
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served that as the log P value of an n-alkane increased corresponding to increase in
the C-chain length of the alkanes, the hydrophobicity of the alkane i.e. solvent also
increased in that order [19, 20] and that appeared to be very important for modula-
tion of catalytic activity of the B. cereus lipase.
A gradual decrease in the synthesis of ethyl acetate was noticed at 55 ºC
with increasing concentrations of molecular sieves added in the reaction system.
Transesterification is a water independent reaction because the equilibrium cata-
lyzed by hydrolytic enzymes is in favor of synthesis [21]. The addition of a molec-
ular sieve usually improved the equilibrium conversion in the estrerification reac-
tion, yet in many cases negative effects such as the formation of di-ester and deg-
radation of unstable substrates have also been reported [22, 23].
The main advantage of enzyme immobilization is the reduced cost because
the lipase can be repeatedly used. Immobilized lipase had retained 50% of its orig-
inal catalytic activity after four consecutive batches of 15 h each. Effect of each of
the chosen water activities was inhibitory in the ethyl acetate synthesis. Water
layer is essential for hydrolytic enzyme activity. It maintains the proper catalytic
conformation of the lipase enzyme. These results suggest that, at these water activ-
ity values, enzymes are fully hydrated (too much water) and thus the enzyme is
rendered to have less rigidity and therefore conversion rate diminishes [24].
In the present study, the efficacy of celite-bound extracellular alkaline
lipase of a B. cereus MTCC 8372 to catalyze transesterification reactions in or-
ganic solvents was explored. Immobilized lipase catalyzed transesterification re-
action in n-nonane for ethyl acetate synthesis at 55 °C in 15h. Molecular sieves
and water activity had deleterious effect to ester synthesis. Moreover, the immobi-
lized lipase had retained 50% of its native catalytic activity up to the 4th cycle in a
repeated batch reaction.
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